The composition of the essential oils of Cirsium palustre and C. rivulare and their antiproliferative activity against breast adenocarcinoma cells (MCF-7 and MDA-MBA-231) were investigated. The essential oils obtained by hydro-distillation from the roots (yield 0.2 and 0.1% v/w, respectively), leaves and inflorescences (yield below 0.01%), were analyzed by gas chromatography coupled with mass spectrometry (GC-MS). The composition of the essential oils in the respective organs of each plant differed considerably. On the other hand, similarities were observed in the composition of root and leaf oils. In C. palustre and C. rivulare root oil, 50 and 39 constituents were identified, accounting for 95.3% and 92.4% of the total content. The main components were aplotaxene and its derivatives, representing 78.6% and 46.6% of the total content. In leaf oils of both species, 59 and 49 compounds, respectively, were identified, representing 67.4% and 78.3% of the total content. The major constituents were β-damascenone (4.1% and 13.4%, respectively) and β-ionone (6.7% and 5.3%, respectively). Short-chain saturated and unsaturated aliphatic alcohols and aldehydes constituted another important group of compounds (17.7% and 9.0%, respectively). The essential oils of the roots have moderate anti-proliferative activity, with IC 50 values ranging from 110 to 140 g/mL. These concentrations were below the level able to inhibit the proliferation of healthy cells.
Cirsium palustre (L.) Scop., marsh thistle, and C. rivulare (Jacq.) All., brook thistle, family Asteraceae (subtribe Cardueae), are widely distributed in Europe. They are native to marshes, hedgerows and moorland pastures [1] . C. rivulare was used in Polish folk medicine as an anti-anxiety remedy. This activity was confirmed in our times in a study on rats, which demonstrated that the extracts from inflorescences and leaves possess anxiolytic and procognitive effects [2] . Well-recognized constituents of both plants include polyphenols, particularly flavonoids and phenolic acids, which determined the antioxidant and antimicrobial activity [2,3ae] . In flower heads of C. palustre, pentacyclic triterpenes and phytosterols were reported [4] . The polyine compounds tridec- 1ene-3,5,7,9,11-pentaine and probably trideca-1,11-diene-3,5,7,9- tetrayne were identified in the volatile fraction of C. palustre [5a,5b] . The composition of the essential oil from the flower heads of C. rivulare showed a predominance of fatty acids. Monoterpenes {β-(E)-ocimene, limonene, β-pinene} and sesquiterpenes (βcaryophyllene oxide, humulene epoxide II) were also detected [5c].
Taking into consideration the fact that the volatile compounds in both species have been poorly investigated to date, we decided to study the composition and activity of the essential oil from various parts of both marsh and brook thistle. The composition of the essential oils from the fresh roots, dried leaves and inflorescences was analyzed by gas chromatography coupled with mass spectrometry (GC-MS). Their composition was expressed as a percentage of the relative peak area from the GC analysis. The oils of C. palustre and C. rivulare roots were obtained in yields of 0.2% and 0.1%, respectively (v/w, based on dried plant material), as yellow liquids with a similar intense smell. The essential oil from C. palustre roots became brown after isolation. In the leaves of both species, and flower heads of C. palustre, only trace amounts of volatile compounds were found (less than 0.01%). The oil compositions of the underground and aerial parts varied in both species. It is worthy of note that the same groups of compounds were found in the two root oils and in the two leaf oils, respectively. Table 1 lists the volatile compounds identified in C. palustre and C. rivulare roots. In the first, 50 and in the second 38 components were identified, accounting for 97.4% and 91.7% of the total amounts. In both cases, polyolefinic compounds were predominant: aplotaxene (36.9% and 36.9%, respectively) and epoxyaplotaxene (39.5% and 6.1%, respectively). Dihydro-, tetrahydro-, and hexahydroaplotaxene were also found in the oils, in amounts of 0.1-2.4%. Sesquiterpene hydrocarbons were the second important group of constituents in the oils from both roots. They accounted for 12.8% of C. palustre oil, with γ-humulene (7.9%) being the major constituent. In C. rivulare root oil, β-caryophyllene (5.8%), trans-αbergamotene (5.4%), γ-himachalene (4.8%) and (Z)-β-farnesene (3.2%) were the main compounds (overall 30.5%). Some components were identified after being isolated from the essential oil by means of spectral analysis ( 1 H and 13 C NMR). To this purpose, the essential oil from C. palustre roots was chromatographed on a silica gel column and 19 fractions were obtained. In fraction 1.2 (38 mg), compound 62, identified as aplotaxene [6a] , was obtained with 81% purity (by GC-FID). In fraction 1.4 (137 mg), compound 70, obtained with 93% purity, was recognized as (Z) -8,9-epoxyheptadeca-1,11,14-triene [6b] . This compound has a pleasant, flowery smell. In fraction 1.7 (14 mg), compound 39 (39%) -(2E,4E)-dodeca -2,4,11-trienal [6c] , in fraction 1.11 (8 mg) compound 53 (24 %) -spathulenol [6d], and in Table 1 : Chemical composition of the essential oils from roots of C. palustre and C. rivulare. 1 IM -Identification method: a-retention indices according to MassFinder 4.1; b-RI according to NIST library; c-according to Binder et al. [7c, 8] ; d-mass spectrum; e-1 H, 13 C-NMR. 2 (2) . *-RI on HP-5 column, tr -trace, <0.1% fraction 1.17 (12 mg) compound 73 (47.8 %) -8,9-dihydroxyheptadeca-1,11,14-triene (shikokiol A) [6e] were detected. Fraction 1.1 was rechromatographed on silica gel impregnated with silver nitrate. After separation, aplotaxene, pentadecene and sesquiterpene hydrocarbons (β-caryophyllene, cyperene and γ-humulene) were identified by 1 H NMR spectroscopy.
Aplotaxene (heptadeca-1,8,11,14-tetraene) and their hydrogenated, hydroxylated, epoxylated and acetylated derivatives are widespread in the genus Cirsium. They are accumulated, mainly in roots, and can be regarded as the chemotaxonomic factor of this genus [6a,b,e,7a-c] . Essential oil of Cirsium palustre and C. rivulare Natural Product Communications Vol. 7 (2) 2012 271 Table 2 : Chemical composition of the essential oils from leaves of C. palustre and C. rivulare.
Gas chromatograms of leaf oils of C. palustre and C. rivulare revealed about 150 constituents in each oil. Only some of them could be identified due to the lack of mass spectra of other compounds in libraries. The major were β-damascenone (4.1% and 13.4%, respectively) and β-ionone (6.7% and 5.3%, respectively). Small amounts of their derivatives were also identified, among them β-cylocitral that could be the result of β-damascone degradation. These compounds, derived from carotenoids, are important odor constituents with a very low concentration threshold smelled by man. Saturated and unsaturated aliphatic C 6-10 alcohols and aldehydes constituted a significant group of C. palustre leaf oil (17.7%) constituents, but were less abundant in C. rivulare leaf oil (9.0%). The third important group of leaf oil constituents was monoterpene alcohols, for example, linalool and terpinen-4-ol. The components identified in the leaf oils from both plants are presented in Table 2 . In C. palustre flower head oil, the main components were linalool (13.8%) and palmitic acid (8.3%). Other constituents were nonanal (4.5%), 6,10,14-trimethylpentadecan-2-one (2.9%) and dec-2-en-1-ol (2.0%). In contrast with roots and leaves, the composition of the essential oils of the flowers of both species is completely different [5c]. The essential oils from the roots of C. palustre and C. rivulare were investigated for their antiproliferative activity against breast adenocarcinomas (MCF-7 and MDA-MBA-231). The two oils exhibited a similar, rather moderate activity (IC 50 110-140 g/mL). These concentrations were below the level inhibiting the proliferation of normal skin fibroblasts (Table 3) . The essential oils were obtained from fresh roots and from dry leaves and flower heads by hydro-distillation in a Clevenger-type apparatus for 3 h.
Experimental

Flash column chromatography (FC):
Essential oil from C. palustre (585 mg) dissolved in a small amount of n-pentane was chromatographed, first on silica gel (0.063-0.2 mm) and 19 pools (1.1-1.19) of combined fractions were obtained, according to TLC. Pool 1.1 (99 mg) was rechromatographed on silica gel impregnated with AgNO 3 . The fractions were combined into 10 pools (2.1-2.10) based on their TLC profiles. In both separations, eluent mixtures of n-pentane/diethyl ether (100:0 to 1:1, v/v) were used in a step-wise system.
Antiproliferative activity:
The assay was performed according to the method of Carmichael et al. [9] using MTT (3-(4,5dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) obtained from Sigma Corp. (St. Louis, USA). The cells were cultured for 24 h with various concentrations of essential oil in 24-well plates. All studies were performed on normal human skin fibroblasts (CRL-1474), purchased from the American Type Culture Collection (Manassas, VA, USA), and on breast adenocarcinoma cells (MCF-7 and MDA-MBA-231) (American Type Culture Collection (Rockville, MD, USA). The cells were maintained in Dulbecco's minimal essential medium supplemented with 10% fetal bovine serum, both products of Gibco (Grand Island, USA), 2 mmol/L glutamine, 50 U/mL penicillin, and 50 g/mL streptomycin at 37°C in a 5% CO 2 incubator. Cell viability in the presence of essential oil was calculated as a percentage of control cells.
